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Geographic Information Retrieval and
Spatial Browsing
Digital library (DL) projects are beginning to create very large-scale re-
positories ofdigital information on a wide range of topics. As with tradi-
tional print libraries, this information can be indexed and retrieved in a
variety of ways, rangingfrom purely descriptive cataloging of items in
the database and topical analysis ofcontent, to more specialized methods
of classification and description that exploit the characteristics of digital
information. This paper will examine the problems and prospects of a
class of retrieval and indexing methods that are particularly suited to
digital library materials with geographic content or associations. The
characteristics ofspatial queries and some of the problems of uncertainty
and approximation in spatial and geographic information retrieval are
discussed. Requirements and a methodologyfor automatic indexing and
georeferencing of text documents are then examined. A "state-of-the-art"
examination of network access to georeferenced information is provided,
and a specification language and toolfor development ofgraphical in-
terfaces to support geographic information retrieval and spatial brows-
ing is also described. In conclusion, general issues and characteristics of
georeferenced multimedia information systems are discussed.
INTRODUCTION
Many users of digital and print-based libraries have needs for infor-
mation that are best approached from a geographical perspective. These
users include scientists with research interests that range from the global
changes brought about by the Greenhouse Effect and ozone depletion,
global climate modeling and ocean dynamics, to the ecological charac-
teristics of a region. They also include historians who require informa-
tion on specific areas (at particular times) , grammar school students work-
ing on class projects about particular cities and countries, and developers
and city planners who must develop environmental impact reports for a
given site.
Digital libraries have multiplied the types of georeferenced informa-
tion sources (i.e., information with associated geographic coordinates)
available beyond the traditional print and paper forms (maps, geographi-
cally indexed books, etc.) to include remote sensing data and images
from satellites and aircraft, databases ofmeasurements (e.g., temperature,
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wind speed, salinity, snow depth, etc.) from specific geographic locations,
and complex vector information such as topographic maps. They also
store large amounts of digitized text and photographs from a variety of
sources in a variety of formats and include other "multimedia" informa-
tion such as digitized sounds and video in the DL database. Storage and
access to specific items in a DL database is generally fast and efficient.
However, access to the contents, and particularly to information relevant
to the particular topical or subject needs of the user of such a database, is
another matter altogether. Users of digital libraries need to be able to
search for specific known items in the database and to retrieve relevant un-
known items based on various criteria. This searching and retrieval has
to be done efficiently and effectively, even when the scale of the database
reaches the multiterabyte range (as is expected in the not-too-distant
future). This implies that digital library objects must be indexed so that
users can retrieve them by content. Effective user interfaces also must be
designed so that the users can both search for items based on particular
characteristics and browse the digital library for desired information.
This paper will examine the notion of Geographic Information Re-
trieval (GIR) in the context of digital libraries; in particular, it will focus
on a particular class of indexing and retrieval methods appropriate to
digital library materials with geographic content or associations. Geo-
graphic indexing and access has long been recognized as problematic in
libraries (Holmes, 1990). It has largely relied on verbal designations of
places, commonly depending on the Library of Congress Subject Head-
ings and Name Authorities as a source (Brinker, 1962; Larsgaard, 1987).
Graphical methods of access (such as the use of index map sheets in car-
tographic collections) have been much more rare.
This paper will examine some of the characteristics of georeferenced
information and how such information can be incorporated into digital
libraries. The intent is to raise a number of issues in the design and use
of digital libraries with regard to search and retrieval of their geographi-
cally oriented contents. Not all of the issues raised will have obvious
solutions nor shall I attempt to solve the myriad problems with such sys-
tems. Subsequent sections will define and describe the characteristics of
geographic information retrieval and spatial querying, examine the char-
acteristics and advantages of spatial browsing as a method of presenting a
variety of georeferenced information in a coherent framework, and ex-
amine indexing and access creation for georeferenced sources including
a discussion of some automatic georeferencing methods developed at
Berkeley for the analysis and georeferencing of text materials. Other sec-
tions will examine graphical interfaces to support geographic informa-
tion retrieval and spatial browsing, and provide a description of a proto-
type toolkit designed to aid in developing user interfaces for geographi-
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cal applications such as spatial search and browsing. Finally, the conclu-
sion will examine some general issues and characteristics ofgeoreferenced
multimedia information systems.
GEOGRAPHIC INFORMATION RETRIEVAL AND
SPATIAL QUERYING
Geographic Information Retrieval is concerned with providing ac-
cess to georeferenced information sources. This phrase is intended to
convey a specialization of the term "Information Retrieval (IR)." It in-
cludes all of the areas that have traditionally formed the core of IR re-
search with an emphasis, or addition, of spatially- and geographically-
oriented indexing and retrieval.
There is often a distinction in the literature between IR and "data
retrieval" of the type associated with database management systems
(DBMS). In practice, the distinction is one of degree rather than of kind.
Figure 1 shows a spectrum of various attributes of information retrieval
and data retrieval. We will examine each of the attributes depicted in the
figure and attempt to see where GIR falls on the continuum.
In information retrieval, the underlying model of providing access
to documents is probabilistic (I will use the term "document" to repre-
sent any item of potential interest in a collection or database regardless
of the content text, images, maps, video, etc. or the form paper or
digital) . It is concerned with such subjective and indeterminate issues as
whether (and to what degree) a document satisfies a user's need for infor-
mation i.e., whether it is relevant for that user and request. Data re-
trieval, on the other hand, is deterministic with regard to retrieval opera-
tions. If a document fulfills the conditions specified in the user's query,
then it is by definition "relevant." In Geographic Information Retrieval,
we are concerned with both deterministic retrieval (such as finding all
data sets that contain information on a particular coordinate) and proba-
bilistic retrieval (such as finding all towns near a major river).
Indexing is required for both efficient access to large databases and
to organize and limit the set of elements of a database that are accessible.
Most information retrieval systems derive their index elements from the
contents of the items to be indexed. The derivation may be simple ex-
traction (such as extracting keywords from a text), inferential extraction
(such as mapping from text word to thesaurus terms) , or it may be intel-
lectual analysis and assignment of index items (such as assigning subject
headings to a document) . In data retrieval, the element itself, in its en-
tirety, is the indexing unit. Obviously this spectrum is not really smooth
or continuous since both types of indexing may be present within the
same system. In GIR, both of these extremes are blended. There may be
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These queries are inherently imprecise and may be ambiguous. In data
retrieval, the query is usually expressed in some sort of structured query
language with precise syntactic and semantic characteristics. When the
goal is to retrieve all items from a database that exactly match the specifi-
cations of the query, then there must be no ambiguity in the query state-
ment as to what is wanted. The query types thus reflect the underlying
models of the retrieval systems. In information retrieval, queries are taken
as a "clue" as to what the searcher might consider to be a relevant item
from the database, and retrieval is based on how well an item matches the
clue. Typically, the results of a search are presented in a ranked order
based on the degree of match between the query and the database item.
In data retrieval, the query is taken as a precise specification of the de-
sired items from the database, and retrieval is based on exact correspon-
dence between the item and the query. Unless explicitly specified by the
system or by the user as part of the query, there is no ranking or order
imposed on the results of a data retrieval query.
Geographic Information Retrieval, as we define it here, is an ap-
plied research area that combines aspects of DBMS research, User Inter-
face research, GIS research, and Information Retrieval research, and is
concerned with indexing, searching, retrieving, and browsing of
georeferenced information sources, and the design of systems to accom-
plish these tasks effectively and efficiently. In the next section, we will
further examine the characteristics of geographic and spatial queries and
where these fit on the continuum of Figure 1 .
Geographic and Spatial Queries
The terms geographic queries and spatial queries imply querying a spa-
tially indexed database based on relationships between particular items
in that database within a particular coordinate system (or compatible
coordinate systems). Spatial querying is the more general term. It can
be defined as queries about the spatial relationships (intersection, con-
tainment, boundary, adjacency, proximity) of entities geometrically de-
fined and located in space (De Floriani et al., 1993) without regard to the
nature of the coordinate system. It could be argued that the Vector Space
model of information retrieval (Salton, 1989) is a spatial querying system
where the space and coordinates are defined by occurrence and frequency
of term usage in a document collection. Geographic querying assumes
that the space is delineated by the well-defined coordinate systems of the
"real world." In the following discussion, the emphasis will be on geo-
graphic querying, although the underlying implementation might be a
general purpose spatial database system rather than a geographic infor-
mation system. As Frank (1991) has pointed out, there are many charac-
teristics of geographic data that require special access methods and data
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structures. We will not examine access methods here but will concen-
trate on a basic classification of types of spatial queries.
In general, geographical relationships in the coordinate systems im-
posed on the real world are geometric relationships. Within a geometric
framework, where distance and direction can be measured on a continu-
ous scale, many types of relationships between objects defined within that
space can be determined using geometry. For example, given the geo-
graphic coordinates in latitude and longitude of Chicago (4152'N
8737'W) and New York (4040'N 7358'W), a fairly simple calculation
can give the distance between the two cities (using the great circle method,
the distance is (1/2 x 7915.6) x (0.86838) x (DTI/180), where 7915.6 is
the diameter of the Earth in miles, 0.86838 is the ratio of miles to nauti-
cal miles, and Cos D = sin Latitude 1 x sin Latitude2 + cos Latitudel x cos
Latitude2 x cos (Longitudel - Longitude2) , or about 651 nautical miles) .
Using the coordinates alone, it is simple to determine other relation-
ships between the cities e.g., Chicago is West and North of New York.
Spatial relationships may be both geometric and topological (spatially
related but without measurable distance or absolute direction) . Examples
of topological relations include such properties as adjacency, connectiv-
ity, and containment. For example, whether some building is inside or
outside the city limits of Chicago has to do with the building's relation-
ship to an arbitrary boundary, but the distance or direction between the
two is not an issue. Topological directions may have no particular rela-
tionship to any coordinate system that they might be imbedded in. "Left"
and
"Right" are valid directions only in relation to the observer's frame
of reference and have no absolute relationship with "North" or "West."
Spatial and geographic queries combine both geometric and topo-
logical elements. Frew et al. (1995) suggest that there are two primary
classes of requests from users: the "What's here?" query and the "Where's
this?" query. The first type of query stems from a desire to discover what
information is available about a particular location while the second stems
from a desire to discover where certain phenomena occur. Within this
simple classification of spatial and geographic queries, there are a num-
ber of different types of queries distinguishable by how the locations of
interest are defined. The following discussion is based on the types of
spatial queries defined by Laurini and Thompson (1992) and De Floriani
etal. (1993).
Types of Spatial Queries
The types of spatial queries submitted by users to an information
system such as a digital library may be arbitrarily complex in the types of
information desired; the limitations on the areas, time periods, etc. cov-
ered; and many other conditions (spatial or not) that might be specified
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in such a query. If we concentrate on only the spatial or geographic
aspects of the query, there are a number of query types that can be distin-
guished based on the type of information provided by the user in the
query. We will consider five types of spatial queries: (1) point-in-polygon
queries; (2) region queries; (3) distance and buffer zone queries;
(4) path queries; and (5) multimedia queries.
The last is actually a combination of multiple georeferenced sources
in a single query. In the following discussion, we will examine each of
these query types and their characteristics.
The first type of query is probably the most straightforward to pro-
cess and describe. This is the point-in-polygon query (illustrated in Figure
2), which essentially asks the question "What do we have at this X,Fpoint
in the current coordinate system?" The point-in-polygon query, in a digi-
tal library context, might ask which satellite images are available that show
a particular spot or which documents describe the place indicated by the
point. The query essentially asks for any georeferenced object or geo-
graphic data set that contains, surrounds, or refers to a particular spot on
the surface of the earth. This is one of the more precise of all the spatial
query types discussed here.
The next type of query is a region query (illustrated in Figure 3) . A
region query asks the question "What do we have in this region?" Instead
of referring to a particular point in the coordinate space, a region query
Figure 2. Point in polygon
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defines a polygon in that space and asks for information regarding any-
thing that is contained in, adjacent to, or overlaps the polygonal area so
defined. There are a number of potential variants or restrictions that
might be applied e.g., a user might ask "Which point encoded items lie
within the region?" "What lines (borders, rivers, etc.) lie within or cross
the region?" "Which areas (or regional data sets) overlap this region?"
"Which areas (or regional data sets) lie entirely within this region?" or
"Which areas share a border with this region?" Any combination of ele-
ments or containment criteria might be specified given the needs of the
particular searcher. In addition, the specified query region can be any
polygon ranging from regular shapes, such as rectangles or even circles
(which would be the same as a Buffer Zone query on a point as discussed
below) , to irregular shapes, like the boundary of a city, or any arbitrary
set of points defining a closed polygonal shape. The containment criteria
need not be precise but may use "fuzzy" or probabilistic interpretations
of such things as the maximum or minimum areas of overlap for an ob-
ject to be considered included in the specified area, or the coverage ar-
eas for particular data sets that are candidates for retrieval
(Brimicombe,1993).
The next type of query is the distance and buffer zone query (illus-
trated in Figure 4) . The distance and buffer zone query asks the question
"What do we have within some fixed distance of this object (point, line,
or polygon)?" Obviously, there are quite different processing steps in-
volved if the object used as the basis for a buffer zone query is a point, a
line, or a polygon. Examples include queries such as "What cities lie
within forty miles of the border of Northern and Southern Ireland" (as
shown in Figure 4)? Other buffer zone queries include: "What industrial
Figure 3. Region query
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Figure 4. Buffer zone query
plants lie within two miles of this river?" "Which streams are within 100
yards of this highway?" "What mines are within five miles of this city?" etc.
The buffer zone specified need not be exact-e.g., "What data sets de-
scribe the area near this point?" and inclusion can be considered a fuzzy
or probabilistic function based on the location of the database objects.
For such queries, a ranked list of database objects ordered by "nearness"
to the point might be a better response than an arbitrary definition of a
distance.
Path queries are a somewhat more specialized form of spatial query
that require the presence of a network structure in the spatial or geo-
graphic data. Networks are simply sets of interconnected line segments
representing such things as roads, oil or water pipelines, etc. A typical
sort of path query involves finding the shortest route from one point in
the network to another. For example, a path query might ask "What is
the shortest route from San Francisco to Los Angeles" (as shown in Fig-
ure 5)? Note that path queries can become more complex (and uncer-
tain) multimedia queries when criteria other than distance or direction
are involved in the query. For example, to answer the question "What is
the fastest route from San Francisco to Los Angeles?" more information,
such as speed limits and traffic conditions on different routes of the net-
work, is required to provide even an approximate answer.
Multimedia queries combine multiple georeferenced information
sources in resolving a query. This may include multiple maps (or map
layers, depending on the sort of system used to resolve the query); it may
also include nonmap georeferenced information such as ownership
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Figure 5. Path query
records for particular parcels of land. An example (illustrated in Figure
6) might be the query "What are the names of farmers affected by flood-
ing in Monterey and Santa Cruz Counties?" Answering this query in-
volves not only map information, such as county boundaries and river
locations, but also cadastral information to show who owns particular
parcels of land along the rivers in the areas affected by flooding. In this
particular query, complex operations are likely to be required, such as
combining aerial or satellite photographs or remote sensing data (show-
ing the extent of the flooding) and map and cadastre information, often
from different databases with different measurement scales and levels of
detail.
The types of queries discussed above can be combined in a complex
search. For example, "What streams and rivers flow through the county
in which the town ofRichmond (California) exists?" would require a point-
in-polygon search of county information to locate the county containing
the city and a region search to identify the streams and rivers that inter-
sect the county area. Obviously, any GIR system should combine the text
or concept-based retrieval associated with conventional information and
database systems with the sorts of spatial queries discussed earlier. Any
multimedia information system may include a wide variety of spatial and
nonspatial information that may have a geographic association if not a
precise location (see, for example, Griffiths, 1989). Walker, Newman,
Medyckyj-Scott, and Ruggles (1992) provide an interesting design for a
system combining spatial, text, and concept-based retrieval.
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Figure 6. Multimedia query
SPATIAL BROWSING
Searching a geographically indexed database or digital library is an
activity that assumes the searcher has an idea ofwhat he or she wants and
is able to specify that need in some form. Most of the queries used as
examples in the above discussion reflect this. Another type of "search-
ing" is much less directed, and, while it assumes that the users have some
notion of the type of information desired, they may not be able to specify
that information in a query language. What is needed in such cases is (in
effect) the ability to navigate the database geographically without requir-
ing explicit query formulation. This "spatial browsing" combines ad hoc
spatial querying with interactive displays of digital maps to permit the
user to explore the geographical dimension of information in a database
or digital library.
Laurini and Thompson (1992) describe spatial browsing using the
"hypermap"concept. In hypertext databases (the current best example
being the World Wide Web) , each document (or node) may contain many
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links to other documents in a variety of media (text, images, video, sound
clips, etc.), and the user may view any referenced document simply by
selecting the representation of the link in the current document. In a
hypermap, the links are represented by an icon or footprint (a polygon
that outlines the area described by the object linked to the footprint),
and selection brings up the document referenced by the link. For ex-
ample, Figure 7 shows a sequence of maps that might be presented to
someone browsing a digital library, going from a global view to Europe,
then to the United Kingdom, then to Ireland, and finally to a particular
icon on the Ireland map representing a book about the region.
There are a number of advantages to spatial browsing systems and
the hypermap concept as a user interface "metaphor." These systems are
often very intuitive and comprehensible (assuming that the user has some
notion of geography) and can provide for both searching and browsing
by direct interaction as opposed to specification of names or coordinates.
In most cases, for the purposes of browsing and search specification, the
digital map displayed to the user need not be highly detailed, nor does it
require the accuracy of a full GIS.
There are also a number of potential problems or requirements for
such systems. One problem is that of clutter in the display. If the icons or
footprints representing all of the documents in a large database associ-
Figure 7. Spatial browsing using the HyperMap
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ated with any geographic area visible on the digital map are shown simul-
taneously, the map may disappear entirely beneath a heap of icons. This
sort of clutter can be addressed in several ways, some of which we will
discuss further below in describing the geographic browser toolkit. An-
other obvious requirement for spatial browsing is that there must be co-
ordinate-based geographical indexing of the database. In the following
section, methods of automatic indexing and automatic georeferencing
of text documents will be examined. We will return to the notion of
spatial browsing and examine some examples in subsequent sections.
GEOGRAPHIC AND SPATIAL INDEXING
Not surprisingly, one of the major sources of information in digital
libraries is text in a variety of forms and from a variety of sources. These
text items might include full-text documents such as journal or
encyclopaedia articles, books, technical reports and more specialized
documents such as Environmental Impact Reports (EIRs) , laws, and leg-
islation. Many of these text documents describe, discuss, or refer to par-
ticular places or regions. Geographic location is often an important, or
even the primary, criteria when searching for information from the digi-
tal library.
In traditional library cataloging practice, geographic references have
been a common form of access point assigned to documents (primarily
books and maps), but assignment was based on the cataloger's notion of
whether geographic identification was deemed important for access to
the document. Although it might be possible, in principle, to have cata-
logers evaluate each item that is entered into a digital library for geo-
graphic references in its content, such detailed cataloging would be pro-
hibitively expensive. One goal of many digital library projects is to auto-
mate as much of the indexing and cataloging of documents as possible.
An important component of such automatic indexing is to develop meth-
ods that can perform automatic georeferencingo text documents. By auto-
matic georeferencing, I mean to automatically index and retrieve a docu-
ment according to the geographic locations discussed, displayed, or oth-
erwise associated with its content.
In most existing full-text and bibliographic information retrieval sys-
tems, searches with a geographical component, such as the point-in-poly-
gon region or multimedia query ("locate any documents whose contents
are about location XF'), are not supported directly by indexing, query,
or user interface functions. Instead, these searches rely on indexing and
query specification of place names either supplied by catalogers or ex-
tracted from the text itself, essentially as a side-effect of keyword index-
ing. Even in cases where a document is meticulously manually indexed,
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geographic index terms consisting of text strings (such as LCSH and LC
name authorities) have several well-documented problems with ambigu-
ity, synonymy, and with name changes over time (Griffiths, 1989; Holmes,
1990). Specifically, the major problems are:
Names are not unique: San Jose is a common city name throughout
Central and South America as well as in California. Without additional
qualifications, many place names are ambiguous.
The places referred to change in size, shape, and in names over time:
political changes in the world move much faster than geological
changes, and borders, country and region names, even the existence
of political entities, may change at any time.
Spelling variations: Local names for a region may differ from com-
mon English forms, and there may be variations in the spelling of a
name over time (Peking, Beijing) .
Some place names in texts are simply temporary conventions: in some
scientific studies, as well as in some historical contexts, particular names
may be created by scholars to describe an area or region (study areas,
battlefields, etc.) that are not part of the conventional political names
of a region but which may be very precisely defined for the purposes
of the study.
Instead of, or in addition to, using place names to describe locations
referred to in documents, digital libraries are using the geographic coor-
dinates of places to provide better access to documents dealing with those
locations. Geographic coordinates have several advantages over names:
They are persistent regardless of name, political boundary, or other
changes. A geographic location specified by coordinates is not depen-
dent on the vagaries of politics, warfare, or synonymy.
They can be simply connected to spatial browsing interfaces and GIS
data. As discussed in subsequent sections, coordinate-based locations,
or representation of documents associated with those locations, can
be displayed and overlaid on digital maps.
They provide a consistent framework for GIR applications and spatial
queries: Having geographic coordinates for an object (whether speci-
fied as a point or as a polygonal region) as index entries permit pre-
cise or approximate spatial querying of the database using all the types
of spatial searching discussed earlier.
The challenge is to provide reliable automatic indexing for geographic
locations based on the names that occur in a text. Toward this end, the
GIPSY system was developed at U.C. Berkeley by Ph.D. students Woodruff
and Plaunt (1994a, 1994b).
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GIPSY: Automatic Georeferencing of Text
GIPSY, The Georeferenced Information Processing System, was de-
veloped as a new model of automatic geographic indexing for text docu-
ments. In the GIPSY model, words and phrases containing geographic
place names or geographic characteristics are extracted from documents
and used to provide evidence for probabilistic functions incorporating
elementary spatial reasoning and statistical methods to approximate the
coordinates of the location being referenced in the text. The actual "in-
dex terms" assigned to a document are a set of coordinate polygons that
describe an area on the Earth's surface in a standard geographical pro-
jection system. The GIPSY method for automatic georeferencing is de-
scribed in detail by Woodruff and Plaunt (1994a) and will only be sum-
marized here.
GIPSY uses a three-step algorithm which relies on a thesaurus or gaz-
etteer containing place names and the names of other geographically
significant objects (rivers, lakes, bioregions, animal and plant habitats,
land use types, etc.).
Step 1: Identifying geographic place names and phrases. This step attempts to
locate all relevant content-bearing geographic words and phrases in a
text. This involves parsing the text using a parser that "understands" how
to identify geographic terminology of two types:
1. Terms which exactly or closely match objects or attributes in the geo-
graphic thesaurus. This step requires a large gazetteer of geographic
names and terms along with their geographic coordinates. Terms
added to this thesaurus include generic terms for geological features,
climate, land use, animal and plant species, and size.
2. Lexical constructs which contain spatial or topological information,
such as
"adjacent to the lake," "south of the river," "between the river
and the highway," etc.
To implement this, a list of the most commonly occurring constructs must
be created and integrated into a thesaurus/gazetteer.
Step 2: Locating pertinent data. The output of the first step is a set of ex-
tracted terms and phrases. In this second step, these terms and phrases
are processed by a function which retrieves geographic coordinate data
related to them. This step uses spatial data sets that provide information
such as the names, sizes, and location of cities, states, etc.; names and
locations of endangered species; names, locations, and bioregional char-
acteristics of different climatic regions; etc. The system attempts to iden-
tify the spatial locations (a set of one or more geographic coordinates)
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which most closely match the geographic terms extracted in the first stage.
In some cases, where geographic modifiers are used, the area of coverage
is modified to take into account the usage in the text. For example, the
phrase "south of Lake Tahoe" might be mapped to the area south of Lake
Tahoe and cover approximately the same volume. Since there is also
geopositional data for land use (cities, schools, industrial areas, etc.) and
habitats (wetlands, rivers, forests, indigenous species, etc.) available, ex-
tracted keywords and phrases for these types of data are also recognized
in step one and locational information extracted in this step. The thesau-
rus entries for these data should incorporate several other types of infor-
mation such as synonymy (e.g., Latin and common names of species) and
membership (e.g., wetlands contain cattails but geopositional data on
cattails may not exist, so we must use their mention as weak evidence of a
discussion of wetlands and use these data instead).
In the prototype implementation of GIPSY, two primary data sets were
adopted to construct the thesaurus and provide geographic locations.
The first was a subset of the U.S. Geological Survey's Geographic Names
Information System (GNIS) (USGS, 1985). The information extracted
from the GNIS database contains latitude/longitude point coordinates
associated with over 60,000 geographic place names in California. Data
for land use and habitat data were derived from the U.S. Geological
Survey's Geographic Information Retrieval and Analysis System (GIRAS)
(Anderson et al., 1976).
The names and terms derived from the text may be associated with
more than one location, so every identified name, phrase, or region de-
scription is associated with all of the coordinate points or polygons that
might potentially be the place mentioned in the text. A probabilistic weight
is assigned to each of these coordinate sets based on statistical informa-
tion, such as the frequency of use of its associated term or phrase in the
text being indexed and in the thesaurus. Many relevant terms do not
exactly match place names, geographic features, or land use types in the
database. Therefore, to accommodate these inexact associations between
the text and the coordinate databases, the thesaurus was extended to in-
clude both manually inserted terms and by extraction of generic term
relationships from the WordNet thesaurus (Miller et al., 1990) including
synonyms, hyponyms, hypernyms, meronyms, holonyms, and evidonyms.
Step 3: Overlayingpolygons to estimate approximate locations. Having iden-
tified many places associated with the terms extracted from the text and
their variants, the next step is to attempt to infer the most likely geo-
graphic location (s) for the areas discussed in the text. Each geographic
phrase, the probabilistic weight, and the coordinates derived in the pre-
ceding step can be represented as a three-dimensional "extruded" poly-
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gon with its base in the plane of the x,z axes and which extends upward
on the y axis a distance proportional to its weight (see Figure 8a). As new
polygons are added, three cases may arise:
1 . If the base of a polygon being added does not intersect with the base
of any other polygons, it is simply laid on the base map beginning at
y = (see Figure 8b) .
2. If the polygon being added is completely contained within a polygon
which already exists on the skyline, it is laid on top of that extruded
polygon i.e., its base is positioned in a higher y plane (see Figure 8c) .
3. If the polygon being added intersects, but is not wholly contained by,
one or more polygons, the polygon being added is split and the inter-
secting portion is laid on top of the existing polygon and the
nonintersecting portion is laid at a lower level. To minimize fragmen-
tation in this case, polygons are sorted by size prior to being posi-
tioned in the
"skyline" created by overlaying the polygons (see
Figure 8d).
In effect, the polygons are "summed" by weight to form a geopositional
"skyline" whose peaks approximate the geographical locations being ref-
erenced in the text. The geographic coordinates to assign to the text
segment being indexed are determined by choosing a threshold of "el-
evation" z in the skyline, taking the x,z plane at z, and using the polygons
at that "elevation." Raising the threshold "elevation" tends to increase
the accuracy of the retrieval while lowering it tends to include other simi-
lar regions (or regions described in the same way and a region discussed
in a given text) .
To show the results of this process in the GIPSY prototype, consider
the following text from a publication of the California Department of
Water Resources:
The proposed project is the construction of a new State Water Project
(SWP) facility, the Coastal Branch, Phase II, by the Department of
Water Resources (DWR) and a local distribution facility, the Mission
Hills Extension, by water purveyors of northern Santa Barbara
County. This proposed buried pipeline would deliver 25,000 acre-
feet per year (AF/YR) ofSWP water to San Luis Obispo County Flood
Control and Water Conservation District (SLOCFCWCD) and 27,723
AF/YR to Santa Barbara County Flood Control and Water Conserva-
tion District (SBCFCWCD)....This extension would serve the South
Coast and Upper Santa Ynez Valley. DWR and the Santa Barbara
Water Purveyors Agency are jointly producing an EIR for the Santa
Ynez Extension. The Santa Ynez Extension Draft EIR is scheduled
for release in spring 1991.
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(a)
Figure 8a. The "weight" of a polygon, indicated by the vertical arrow, is interpreted as
thickness or "elevation".
Figure 8b. Two adjacent polygons do not affect each other; each is merely assigned its
appropriate elevation.
Figure 8c. When one polygon subsumes another, their elevations in the area of overlap are
summed.
Figure 8d: When two polygons intersect, their elevations are summed in the area of overlap.
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Figure 9 contains a gridded representation of the state of California,
which is elevated to distinguish it from the base of the grid. The northern
part of the state is on the left-hand side of the image. The towers rising
over the state's shape represent polygons in the skyline generated by
GIPSY's interpretation of the text. The largest towers occur in the area
referred to by the text, primarily centered on Santa Barbara County, San
Luis Obispo, and the Santa Ynez Valley area.
Figure 9. Results of polygon stacking from the DWR text
The surface plots generated in this fashion can also be used for brows-
ing and retrieval. For example, the two-dimensional base of a polygon with
a thickness above a certain threshold can be assigned as a coordinate index
to a document. These two-dimensional polygons might then be displayed as
icons or
"footprints" on a map browser such as those discussed later. In
addition, a natural language query describing an area of interest could be
processed by the GIPSY system and candidate coordinate sets could be gen-
erated and ranked according to their weights and then used to retrieve
georeferenced information located in those areas.
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Ongoing research and development of the GIPSY system is being
conducted at Berkeley in conjunction with the NSF/NASA/ARPA Digital
Library Initiative project (Wilensky et al., 1994). We plan to use GIPSY as
part of the automatic indexing mechanism for all texts stored in the digi-
tal library database.
EXAMPLES OF GIR ON THE INTERNET
Indexing texts and other georeferenced objects (such as photographs,
videos, remote sensing data sets, etc.) by coordinates permits the use of
the hypermap concept as discussed above. Use of coordinates also pro-
vides the capability of using a graphical interface to the information in
the database or digital library where representations of the objects are
displayed as icons or footprints on a digital map. As suggested earlier, a
map-based graphical interface has a number of advantages over one which
uses text terms or which simply uses direct specification of coordinates. It
has been suggested that different cognitive structures are used by people
in dealing with graphical and spatial information than those used for
verbal information (Jones & Dumais, 1986), and that spatial queries can-
not be adequately expressed by verbal queries (Furnas, 1991). Geographi-
cal queries are inherently spatial, and a map-based geographical inter-
face tends to be intuitive and comprehensible to anyone who is some-
what familiar with maps and geography. Morris(1988) suggests that when
users are given a choice between menu (text-based) and map-based graphi-
cal interfaces to a geographic database, they prefer the maps. A graphi-
cal interface, including digital maps and hypermaps, also permits dense
presentation of information (McCann et al., 1988; DiBiase et al., 1993).
In this section, we will examine some examples ofGIR and spatial brows-
ing that are currently available via the World Wide Web (WWW) . This "state-
of-the-art" survey is by no means a comprehensive review of such systems but
provides some examples to illustrate the concepts of GIR and spatial brows-
ing as they have been implemented in current systems. The URL addresses
of the systems discussed are indicated in square braces.
Figure 10 shows a hypermap from the UC Berkeley Environmental
Digital Library prototype [http://elib.cs.berkeley.edu] (Wilensky et al.,
1994). The base map shows the San Francisco Bay Area, and overlaid on
the base map are three boxes showing the footprints of related hypermaps.
Clicking a mouse button over the leftmost box brings up the more de-
tailed map shown in Figure 1 1 . Each of the labeled boxes overlaid on
Figure 1 1 represents an aerial photograph (each image is actually a com-
posite of digital remote sensing data acquired from an airborne platform)
taken in order along a particular flightline. Clicking on the box marked
1-4 retrieves the image for the area centered under the box as shown in
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File Options Nsvigafe Annotate Help
Document Title: Sacramento Delta Aerial Photography Mosaic
Document URL: http : //eli b . cs . berkel sy.edu/ai rphotos/el i M9/HTML/photoi ndex)
Click on a panel to display a page of the index
adc r-srward Home Reioaa Open,,, Save As,,, Clone New Window Close window
Figure 10. Hypermap from the UC Berkeley Digital Library Prototype
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Sacramento Delta Aerial Photography Series 1 Mosaic
Panel 1 of 3
Click on an image tag to display photo
Back rsr* , Home Reload) Open,,, Save As,,, Clone New window Close Window
Figure 1 1 . Detail map from the UC Berkeley Environmental Digital Library
Prototype
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Figure 12. The arrows above the image in Figure 12 permit the user to
"navigate" up and down and through the images in a particular flightline,
and left and right to images in parallel flightlines. In this prototype
browser, the database is limited, and the maps are static entities. In the
interface planned for the digital library, maps that can be scrolled and
that provide the ability to "zoom" in and out will be used. A much more
complex example of this type ofhypermap access to information resources
(jumping from static map to static map and eventually to data of interest)
is provided by the "Virtual Tourist" system of the WWW that provides
access toWWW servers by geographic location [http://wings.buffalo.edu/
world/].
An example of the ability to scroll about and zoom in and out in a
dynamic digital map is provided by the prototype version of the U.S. Bu-
reau of the Census' TIGER Mapping Service (TIGER stands for the To-
pologically Integrated Geographic Encoding and Referencing system,
which was developed to support the activities of the Census Bureau start-
ing with the 1990 census). Figure 13 shows a page from the TIGER Map-
ping Service prototype [http://tiger.census.gov/] that is centered on the
New York City area. Using the four "arrows" surrounding the map, the
user can move the view (pan or scroll) left or right, up or down.
The "zoom in" and "zoom out" buttons provide a reduced or increased
scale of the map to be displayed. Figure 14 shows the results after "zoom-
ing in" on the area of Central Park. In Figure 14, much more detail
(such as individual streets) is shown, and the legend has been changed to
reflect the types of information that might be visible at the current scale.
As noted on theWWW pages shown in Figures 13 and 14, the map that is
shown is generated "on-the-fly" from the underlying TIGER digital map-
ping database. This means that instead of a static map (such as that in the
digital library prototype discussed above), the maps in the TIGER Map-
ping Service are created on demand in response to a user's mouse click
on one of the scrolling or zooming buttons.
Figures 15 and 16 show an example of a full-scale geographic infor-
mation system being made available via the WWW. The GRASSLinks sys-
tem [http://www.regis.berkeley.edu/grasslinks/] was developed at UC
Berkeley by Susan Huse (1995) as part of her Ph.D. work. It uses the
GRASS (Geographic Resources Analysis Support System) GIS developed
by the U.S. Army Corps of Engineers with an interface tailored to simple
access over the WWW. Figure 15 shows part of the page that permits the
user to specify the contents of the map desired, and Figure 16 shows the
map generated by GRASSLinks (in this case a fairly simple map showing
the counties of the San Francisco Bay area). GRASSLinks, like the TIGER
system, allows the user to zoom in or out on particular areas, but it adds
the additional capability to query the underlying geographic data sets
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Data transfer complete.
Back) Fp!wd| Home Reload] Open.,. Save As... Clone | New Window] Close Window
Figure 12. Aerial photograph from UC Berkeley Environmental Digital Library
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File Options Navigate A
Document Title: MIS Experimental Browser
Document URL: http : //ti ger . census . gov/cgi -bi n/mapbrowse?1 on=-?4&l
TIGER Map Service
The following map is produced on-the- fly from a special binary version of
TIGER/92 data Technical details are available,
LEGEND
Bl Lake/Pond/ Ocean Connector
Stream Highway





Back| Forward Home) Reload! OpenJ Save As,,. | Clone) New Window} Close Window
Figure 13. US Census Experimental TIGER Mapping System New York Area
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Fife Options Navigate Annotate
Document Title: IMS Experimental Browser
Document URL: bttp:/
TIGER Map Service
The following map is produced on-the- fly from a special binary version of
TIGER/92 data. Technical details are available,
LEGEND










Back] Fsru/ardj Home) Reload) Open,..) SaveAs,..| Clone) New Window) Close Window
Figure 14. US Census Experimental TIGER Mapping System New York area
zoomed
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[He Options Navigate Annotate
)ocument Title: Display Request Form
)ocument URL: http://www. reqis.berke1ey.edu/qrass11nks/display.ht
Vector map display color; blue
c) Overlay sites map:
Sites map display color:
2) Select a region and resolution to be used.




Sacramento San Joaquin Delta
b) Resolution: medium
3) Create the display image:
Display Maps I
or return to the default, values and start
again: Reset
I
add Forward} Home] Reload Open...) Save As,.. | Clone NewWndow) Close Window
Figure 15. GRASSLinks specification page
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uTM zone 10 coordinates of the selected center ooint are: 561831 E and
gack] fg^'^l Home] Reload] Open...} Save As...| Clone]
Figure 16. GRASSLinks map display
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and display values (using a point-in-polygon search to identify the
characteristics of an area surrounding a user-selected point) , as well as to
overlay multiple types of georeferenced data (ranging from data from
the National Wetlands Inventory to geological maps of the San Francisco
Bay area) . A similarWWW interface to a somewhat less sophisticated GIS
was developed for Canadian National Atlas data [http://
ellesmere.ccm.emr.ca/naismap/naismap.html].
Not all GIR systems on the internet support graphical searching (at
least at the present time). For example, the U.S. Geological Survey node
of the National Geospatial Data Clearinghouse [http://h2o.er.usgs.gov/
nsdi/] (part of the National Spatial Data Infrastructure [NSDI] effort by
the federal government) has a GIR system for identifying relevant data
sets that permits users to specify their requirement by both keywords and
by specifying the latitude and longitude coordinates of a bounding rect-
angle for their area of interest (Nebert, 1995).
A wide variety of other geographically referenced (or related) infor-
mation sources are available via the Internet. One of the best clearing-
houses providing pointers to such information is the U.S. Geological
Survey's "Geographic Information Referral Page" [http://
waisqvarsa.er.usgs.gov/wais/html/geog.html].
Many of the network-based systems discussed earlier have some sig-
nificant problems resulting from current technological limitations. One
problem is that the time required for generating and transmitting maps
such as those used in the TIGER Mapping System and the GRASSLinks
system is much too long for convenient interactive use. Scrolling and
zooming in the TIGER prototype may take as much as a minute to display
the response to a single mouse click. In addition, the current version of
the HTTP protocol and HTML "map widgets" used in theWWW for these
systems have no way of transmitting continuous information from mouse
movements or from multiple mouse selections of points on a map. This
makes it impossible for current versions ofWWW clients, such as Mosaic
and Netscape, to have users interactively draw a bounding rectangle or
polygon over the area they are interested in in order to submit a region
query. Although support for such interaction is promised in the next
version of HTTP, there are other problems with the HTTP protocol for
use in information retrieval, including in GIR systems. The primary draw-
backs are that the protocol is "stateless," meaning that each transaction
between a client and server is treated as a completely distinct event, and
the server keeps no information about clients from transaction to trans-
action. Some systems have finessed this limitation by adding state infor-
mation to the query sent to the server, but these tend to be server-specific
extensions to the protocol without standardization between servers.
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There are other standard protocols, such as the Z39.50 information
retrieval protocol (NISO, 1992), where the server does maintain a con-
nection with the client, and which are better oriented to conventional
information retrieval tasks. The National Geospatial Data Clearinghouse
mentioned above is currently using the WAIS protocol based on an ear-
lier version of Z39.50 and is moving to a full Z39.50 implementation with
support for map browsing and bounding box selection (Nebert, 1995).
Z39.50 is also being used for spatial indexes for the Government Infor-
mation Locator Service [http://www.usgs.gov/gils/]. In the following
section, we describe a toolkit for building geographical browsing inter-
faces that also provide Z39.50 access to remote servers of geographic and
georeferenced information. Another possible solution is the Java pro-
gramming language which permits Java-compatible WWW browsers to
download and execute interactive programs (van Hoff, 1995).
GEOGRAPHIC BROWSING TOOLKIT
Most Geographic Information Systems were designed to support the
work of cartographers, city and regional planners, and others with a
need to create maps. As such, they tend to be "heavyweight" systems that
often have a monolithic structure, proprietary data formats, and a ten-
dency to be very complex to use. As such, these systems are ill-suited for
applications where a user wishes to simply utilize spatial browsing to ex-
amine a variety of georeferenced information.
In this section, we will examine the features of a toolkit for construct-
ing such browsing interfaces developed by the author that provides a
simple solution to rapid development and presentation of geographical
information retrieval systems. We will first examine the background on
the toolkit and then describe one application using it and how a user
might interact with that application. This is followed by a more detailed
discussion of the toolkit contents.
In the Sequoia 2000 project, which was concerned with the design
and development of very large-scale information systems for Earth scien-
tists studying global change phenomena, a new browser paradigm was
proposed to provide access to database information using a spatial para-
digm (Chen et al., 1992). In this system, now called Tioga (Stonebraker
et al., 1993), information is displayed topologically according to continu-
ous characteristics which are attributes of the data. For example, docu-
ments may be displayed on a map according to their latitude and longi-
tude. Documents might also be displayed according to the time at which
they were generated and the time to which they refer as well as by more
abstract functions such as the reading level of the document, the author's
attitudes as expressed in the document, etc. A prototype of the geographi-
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cal browsing component for Tioga was developed by the author and was
included in the Lassen Geographic Browser (shown in Figures 17-19) as
part of an interface for document retrieval that included both known
item searching and probabilistic retrieval based on document contents
(Larson, 1994). The current version of the geographic browser toolkit is
a revised and refined version of the Lassen browser.
Using the Lassen browser, any georeferenced object in the database
can be indicated by an icon on the map. The user employs the mouse to
center the map on any location and to zoom in or out for more or less
detailed maps, either by clicking on the map with the mouse or by mov-
ing the scroll bars below the map to set particular coordinates and zoom
levels. With local processing handling all map drawing and updates, the
Lassen Geographic Browser is fast enough to redraw the entire world
map in less than a second. When zoomed in on a location, map updates
are faster due to hidden line clipping. At reduced levels of detail, the
browser can redraw the screen fast enough to provide an animated "real-
time" zooming and scrolling effect. Icons can be placed at any coordi-
nates on the map and for any range of "zoom" values. The icon will only
appear when the coordinates are visible and the current "zoom" level is
within the specified range. This helps to reduce clutter on the screen.
Clutter is further reduced by placing references to multiple objects that
deal with the same area into a pop-up menu. When an icon is selected by
the user, the menu of objects georeferenced at the icon coordinates and
detail level are displayed for selection.
In Figure 17, the initial global view of the Lassen browser is shown in
a typical X Window system display window. By clicking with the left mouse
button on the United States, the map was centered on that, clicking the
middle mouse button zooms in one unit (and the right mouse button
zooms out) . The units used in zooming are logarithmic so that zooming
from a global scale to the scale shown in Figure 18 requires only a single
mouse click, but as the view "closes in," more clicks are needed to in-
crease the zoom by the same amount. The convention adopted for dis-
playing icons in this version of the browser is that the underlying objects
represented by the icons should represent geographic coverage approxi-
mately equal to the area shown in the map window. In Figure 18, a single
icon is shown as a small box in the center of the United States. When the
icon is selected, a pop-up menu listing data objects associated with the
whole area is visible including such things as satellite images of the entire
region. Selecting an object from the menu invokes a viewer appropriate
to the type of data (the Lassen prototype shown here included
georeferenced texts, images in a variety of formats, and MPEG videos).
Figure 19 shows a "closer" view centered on Southern California. In this
window, the "place names" button was selected to show the names ofcities
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-height) provides the dimensions of the widget and may be specified in
inches, centimeters, millimeters, printer's points, or screen pixel units.
The -detail option indicates how detailed the map drawing should be,
ranging from one (representing the highest detail available), to five (in-
dicating that only about 1/5 of the detail will be displayed) . The -aspect
option is used to correct the appearance of maps when zoomed in at high
and low latitudes (the map widget uses a cylindrical projection so there is
a
"spreading out" offeatures when drawing high and low latitudes) . There
are a number of additional options that can be specified in the map com-
mand. These include:
1. Latitude and Longitude for the centerpoint of the display, these de-
fault to 00'0"N and 00'0"W.
2. Zoom to specify the level of detail to be shown.
3. MapBackground to specify the color of the window background (de-
fault is black) .
4. Coastlines to specify the color of continental coastlines (default is
green) .
5. Countries to specify the color used for national boundaries (default
is red) .
6. States to specify the color used for states in the U.S. and for interna-
tional zones (default is yellow) .
7. Islands to specify the color of island coastlines (default is light green) .
8. Lakes to specify the color of lake shorelines (default is light blue).
9. Rivers to specify the color of river shorelines (default is blue).
Any of these options can be changed after the initial creation of a widget
using the map command and by using the configure "widget command."
For example, to change the color of the coastlines displayed from green
to violet in the map widget created above (named .mp.winl.mapwin),
the command:
.mp.winl.mapwin config -coastlines violet
could be issued in a script. In addition, multiple map widgets can be
used in an interface. In Figure 20, for example, an interface with two
map widgets is shown. The main map widget is the primary display, while
the smaller widget is used to move the view of the main map widget to
center on a point "clicked" in the small widget. Additional widget com-
mands are used for a variety of operations, such as recentering the view
of an existing map widget. These widget commands include:
1 . CenterPixel this tells the widget to redraw itself centered on the point
indicated by xy pixel coordinates of the window supplied as an
argument.
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Figure 20. Map Widget example, with overlays
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2. Display or ReDisplay causes the widget to redraw itself immediately.
3. ZoomMap Zooms in or out of the current map display to the "zoom
value" supplied as an argument. This can be an absolute value or an
increment to the current value (indicated by a plus sign) or a decre-
ment to the current value (indicated by a minus sign).
4. GetCenter this asks the widget to report the current latitude and
longitude of the center of the map display.
5. GetFrame this asks the widget to report the current latitudes and
longitudes of the top-left and bottom-right corners of the map dis-
play.
6. GetLatitude this asks the widget to report the current latitude of the
center of the map display.
7. GetLongitude this asks the widget to report the current longitude
of the center of the map display.
8. GetLatLon this asks the widget to report on the latitude and longi-
tude of a point indicated by xy pixel coordinates of the window sup-
plied as an argument.
9. GetXY this asks the widget to report on the xy pixel coordinates of
the window that represents the location specified by a latitude and
longitude supplied as arguments.
In addition to these widget commands, there are three others: Create,
Destroy, and Rubberband. Create creates a geometric object and places
it in the map at the geographic coordinates specified in the create com-
mand; it also returns a unique identification number for the object. The
Destroy command takes an object's identification number as an argu-
ment and removes the object from the display and from memory. The
Rubberband command functions the same as a create command but per-
mits dynamic changes to the coordinates of the object that are displayed.
It is intended for interactive drawing of objects to show, for example, a
rectangle that "stretches" over the base map following mouse movements
until the mouse button is released. A Rubberband command with the
single argument "end" finishes the interactive drawing of an object and
automatically connects the final point of a polygon with its start point.
Each object created remains attached to the geographic coordinates speci-
fied in the create command so that scrolling the display or zooming in or
out will redraw the object appropriately. There are several types of ob-
jects supported in the current version of the map widget, including:
1. point a single point indicated by latitude and longitude;
2. line a straight line defined by the latitudes and longitudes of its end
points;
3. rectangle a rectangle defined by latitudes and longitudes of its top-
left and bottom-right corners;
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4. filledrectangle a rectangle defined by latitudes and longitudes of
its top-left and bottom-right corners and filled with a transparent color;
5. polygon an arbitrary polygon defined by a set of latitudes and lon-
gitudes of each vertex and filled with transparent color; and
6. polyline an arbitrary set of connected line segments defined by a
set of latitudes and longitudes of each vertex and filled with transpar-
ent color.
Circles, ovals, and arcs are not supported in the current version, but sup-
port is planned for the future. The color of each object is specified in its
create statement. These colors, like all colors in Tcl/Tk, can be specified
using X color names or by specifying color values as 4-bit, 8-bit, 12-bit, or
16-bit hexadecimal values for the red, green, and blue components of
the color. Most X Window servers have a rich variety of color names (e.g.,
BrickRedl, LightSkyBlueS, NavajoWhitel, SeaGreen2) including all com-
mon color names like red, green, black, and so on. For example, the
following statements were used to create the objects shown on the main
map in Figure 20:
.map create line white OoO'0"N !79oO'0"W OoO'0"N !79o59'59"E
.map create polygon white 50oO'0"N OoO'0"W OoO'0"N 50oO'0"W
OoO'0"N 50oO'0"E 50oO'0"N OoO'0"W
.map create polygon blue 23oO'0"N 120oO'0"W 24oO'0"N 120oO'0"W
25oO'0"N 22oO'0"W 20oO'0"N 122oO'0"W 23oO'0"N 120oO'0"W
.map create polyline yellow 23oO'0"N 120oO'0"W 24oO'0"N 120oO'0"W
25oO'0"N 22oO'0"W 20oO'0"N 122oO'0"W 23oO'0"N 120oO'0"W
.map create point white 23oO'0"N 120oO'0"W
.map create rectangle red 50oO'0"N 70oO'0"W 10oO'0"N 20oO'0"W
.map create filledrectangle violet 55oO'0"N 75oO'0"W 5oO'0"N
15oO'0"W
Note that latitude and longitude are expressed in the conventional de-
grees minutes' seconds", direction (N, S, E, W) format, slightly adapted
to permit entry on an ascii keyboard (lowercase o is substituted for the
degree symbol). The toolkit also contains conversion routines to alter a
variety of geographic coordinates into latitude and longitude.
Naturally, additional statements other than the one shown above are
required to group and arrange the elements of the interface and to specify
the characteristics and behavior of the other interactive elements on the
screen, but Tcl/Tk handles a surprising amount of this work automati-
cally. Any widget type, including maps, can have actions bound to X Win-
dow events such as mouse movement or mouse button presses, keystrokes,
window movement, etc. For example, the Tel statements:
bind
.map <1> "%W centerpixel %x %y"
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bind
.map <2> "%W zoom +1.0 ; inczoom"
bind
.map <3> "%W zoom -1.0 ; deczoom"
attach particular actions to mouse buttons 1, 2, and 3 when clicked on
the map widget called .map. The current window name is substituted for
%W by the bind command, and the current mouse xy location in window
pixel units is substituted for %xand %y in the statements shown. Thus,
the first line above sets up the map widget so that the view is centered on
the point indicated by the current mouse position whenever mouse but-
ton one (the left) is clicked on the map widget. The next lines attach
zooming in and out to the middle and right mouse buttons, respectively.
Any arbitrary Tcl/Tk script can be included as the last element of the
bind command. In the last line above, there are two Tel statements; the
first handles the zoom widget command and the second is an invocation
of a script procedure named "deczoom" that handles updating the other
widgets on the screen (such as the "zoom value" slider widget) to reflect
the new zoom value. Any otherTcl/Tk widgets, such as buttons, text or
graphical labels, menus, scales, and scroll bars can be placed anywhere
on the map display (using the GetXY widget command to convert lati-
tude and longitude to the appropriate pixel location on the map dis-
play) . These other widgets can also have any arbitrary script attached to
them.
Tcl/Tk and the geographic browser toolkit provide a convenient and
flexible way to prototype and implement user interfaces for geographic
information retrieval and spatial browsing applications. It is being used
in an updated version of the Lassen geographic browser and is also being
included in the Cheshire II next-generation online catalog system (Larson
et al., 1995). Planned additions to the toolkit include more map data
formats, and the ability to express coordinates in a larger variety of coor-
dinate systems (e.g., Universal Transverse Mercator) and formats (e.g.,
latitude and longitude expressed as positive or negative decimal degrees
instead of degrees, minutes, and seconds) .
CONCLUSIONS
Digital libraries are multimedia information systems that will include
digital "documents" in a variety of formats. In the Environmental Digital
Library being constructed at Berkeley (Wilensky et al., 1994) , we are build-
ing a digital collection that includes text documents such as Environmen-
tal Impact Reports, County General Plans, magazines and publications of
the California State Resources Agency in both scanned page images, ASCII
text form from Optical Character Recognition, and a number of other
forms. The collection also includes scanned 35mm slides of places in
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California from a collection of over 500,000 (with about 10,000 converted
to digital form at the present time), and videos produced by state agen-
cies. In addition, it also contains USGS topographic data, U.S. Census
TIGER data, the contents of a large-scale GIS for the San Francisco Bay
Area, and collection databases for classification and distribution of Cali-
fornia flora and fauna. All of these data, in one way or another, have a
geographic component to be considered in indexing and retrieval. We
believe that geographic browsing will play a key role in providing effec-
tive access to this information, permitting scholars, scientists, government
agency personnel, librarians, and students to quickly and easily find and
retrieve the information they need for tasks ranging from research to
environmental planning. To implement such a digital library and make
it available to such a user population, a number of important research
and development questions need to be examined. These include:
1 . Is it possible to create a coherent content-based view of such a diverse
collection of digital objects? Geographic Information Retrieval and
Spatial Browsing, as discussed in this paper, can provide at least one
coherent framework within which to coordinate many disparate re-
sources in such a system.
2. How large can such a digital library be and still provide efficient and
effective access to its contents? That is, how well do all the compo-
nents of the digital library scale up in size from small prototypes to
multiterabyte databases with hundreds of simultaneous users?
3. How can the contents and indexes of a digital library be distributed
among many different computers over a wide area network and still
provide coherent and comprehensive access to its contents? How
will such distributed systems communicate and share information,
and how will they communicate with other digital libraries and data-
bases? How can such large amounts of data be transmitted most ef-
fectively and efficiently?
4. How will information be added to the digital library, what forms will
these documents take, and how will content and characteristics of
the documents be defined? Can these processes be automated and
how effective will such procedures and techniques be in providing
access to the collection? There is much work to be done on effective
automatic indexing and classification for both full-text documents
and the other sorts of digital objects included in the digital library.
5. What are the modes of interaction with the digital library? As sug-
gested earlier, GIR and spatial browsing will play a large role. But
more conventional information retrieval and DBMS querying tech-
niques will also be required.
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These open questions hint at the outlines of the research being conducted
in support of the development of digital libraries. The Berkeley Digital
Library Project and the Alexandria Digital Library Project at UC Santa
Barbara (Frew et al., 1995) have adopted a geographical information re-
trieval approach as one of the primary interaction paradigms for digital
library access. We are just beginning research into the problems, effec-
tiveness, and usability of geographic information retrieval and spatial
browsing, but I believe that a GIR and a spatial browsing paradigm will
provide an elegant and comprehensible method of interaction for a wide
variety of users and needs.
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